Experimental investigations have shown that variation of porosity and hydraulic gradient are responsible for the deviations from Darcy's law, which is perfectly obeyed only when the fluid flow is laminar in porous media. Previous attempts to modify this equation considered only the effects of porosity of surface-active materials such as clay in causing deviations from Darcy's law. In this study, both the effect of porosity of any porous medium and hydraulic gradient from recent experimental data were considered. A general equation for both laminar and nonlaminar or turbulent fluid flow in porous media at any hydraulic gradient is proposed, including the boundary conditions.
INTRODUCTION
In 1901, Forchheimer published a paper in which he noted that Darcy's law is not universally valid for flow, in porous media. Since, then several research papers have been presented on the hydrodynamics of this so called non-Darcy flow.
A look at previous investigations indicate that majority of them found Darcy's law to hold at very low gradients (Meinzer and Fishel, 1934; Fishel, 1935) but with no specification. In 1962, Swartzendruber in reference and re-evaluating of Steams' data (Stearns, 1927) from clay analyses in measurements of flow rate and gradient to assess any effect of clay in causing deviations from Darcy's law and proposed a refined flow equation.' However, clay is not the only surface active immaterial or a porous medium Considerable progress has been made recently in the analysis of fluid flow through porous media for those situations in which the flow is significantly affected by variations in the porosity and hydraulic gradient. have shown how deviations from Darcy's law is related to porosity and how to determine the maximum gradient for laminar flow vis-a-vis 'Darcy law regime' from porosity, which the fluid is incompressible and the media is saturated.
In the present work certain historical aspects are considered and re-evaluation of recent data given in support of effect of porosity and hydraulic gradient in deviations from Darcy's law. In addition, a refinement of the modified equation will be developed.
Previous Investigations
King (1898) cited a number of instances in which the flow q = c 1 i + c 2 velocity increased more than proportionality with the hydraulic gradient, which implies non-Darcy flow behaviour. Stearns (1927) provided clay analysis in which relationship between flow rate and gradient is given by q = c 1 i + c 2 instead of common q = ci, where q is the one-dimensional flow rate of water, is the hydraulic gradient, and C 1 and C 2 are constants. He made a conclusion that the presence of appreciable clay appears to be associated with deviations from Darcy's law. Meinzer and Fishel (1934) and Fishel (1935) (1) where V is the macroscopic flow velocity, i is the hydraulic gradient, M and I are constants. As i increases, equation (1) becomes linear, V = Mi and I is simply the i intercept obtained when the linear part of equation (1) is extrapolated back to the i axis. Hansbo (1960) proposed from consolidation of clay with sand experiment that the velocity -gradient relationship can be written as V = Ki n (2) for gradient less than limit value U (non-Darcy gradient), K is a constant, and n. is on exponent generally greater than 1.
for gradient i exceeds i 1 and
This suggests that due to effect of porosity, the fluid flow equation varies with gradient being considered. However the relationship between porosity and gradient limit ii is not given, thus the gradient limit value could not be specified for a particular medium of porosity φ.
Forchheimer (1901) conducted experiments on a sand-box model and proposed on equation in a quadratic form I=aV + bV 2 (5) The non-Darcy regime of flow, where a and b are the coefficients determined by properties of the fluid and porous media and also known as linear and nonlinear parameter. J is the hydraulic gradient and V is the velocity. Later on, investigation carried out by Ward (1964) and Ahmed and Sunada (1969) However, the studies which proposed at equation (5) and (6) considered only porosity as factor that responsible for non-Darcy flow, whereas this is not true. Cedergreen (1976) found that when water is flowing in highly permeable materials, the condition can vary from laminar or nearly laminar flow at very small gradients to semi-turbulent or nearly turbulent as the gradient becomes larger. This implies that both permeability which is a function of porosity of the media and gradient under which the fluid is flowing should be considered in proposing a general equation for fluid in porous media.
Recent Investigations and Results
It has been found that there is a deviation from 'original' Darcy's law, q = ci for porous media of lower porosity. This deviation from Darcy's law (or gradient intercept) increases with decreasing porosity . The relationship between volume flux, q and hydraulic gradient i was found to be q = C 1 i + C 2 (9) where C 1 and C 2 are empirical constant C i = hydraulic conductivity and C 2 = intercept, (which is negative) This result is contrary to Darcy's law which was found to be q = Ci in respective of gradient at which fluid is flowing and porosity of the media. when q = 0 in equation (9) Let i = i' (measure of deviation from Darcy's law) will be given as i' = C 2 /C 1 (10) and it was found experimentally that deviation ?i is related to porosity, with equation i' = 16.5 φ 2 + 15.2φ + 3.5 ( 1 1 ) In another experiment with the same samples, but subjected to both low and higher gradients (1.15 -15.00), from which the relative permeabilities were determined. The result shows that their relative permeability increases with increasing porosity but decreases with increasing gradient. It was also found that the vertical fluid flow in any porous medium is laminar or nearly laminar as much as the hydraulic gradient is less than or equal to 1.04. The maximum hydraulic gradient i m for laminar flow is related to porosity with polynomial equation . i m = 6.0008φ 2 -8.6326φ + 3.679 (12) As a result of above discussed deviation from Darcy's law which increases with decreasing porosity and non-laminar (or turbulence) flow at higher gradients, there is a need to seek for a general equation that can takes of these limitations or deviations.
MODIFICATION OF FLUID FLOW EQUATION IN SATURATED POROUS MEDIA

DISCUSSION
The present result shows that the volume flux q and hydraulic gradient i are related with expression, q = C 1 i + C 2 which is in support of Steam's earlier proposed relationship. This shows that 'simple' relationship, q = ci is not true for all porous media especially the media of lower porosity. Thus, effect of porosity must be considered in formulating a general equation that take care of this deviations. Also, it was observed that permeabilities of a media is not constant in all gradients, but there is decreasing in relative permeability with increasing gradient. This shows that there is a maximum gradient, i m at which laminar flow can be achieved for a medium of porosity φ. Gradients beyond this maximum gradient will produce semi-turbulent or turbulent flow. This result is in support of Cedergreen conclusion which stated that fluid flow becomes turbulent as gradient becomes larger. Thus, a modified general fluid flow equation that can take care of these laminar can be stated as 
CONCLUSION
With the suggestion of a modified flow equation, the present authors are not seeking to discredit the monumental contribution which the assertion of Darcy's law has made to understanding of the movement of water in soils and porous media. However, this modification is necessary in order to obtain an equation that is quite accurate enough for all engineering purposes to which it properly apply. Work is currently in progress to evaluate non-Darcy effects in porous media not saturated with water.
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